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To facilitate a study of the pharmacokjnetics of drugs dissolved in sweat, a technique was 
devised for collecting sweat at a steady rate over an 8-day period . 
Three normal subjects each wore 4 absorben t pads applied to their skin under waterproof 
dressings for 8 days. The absorbent pads were either plain cotton or cotton impregnated with 
sodium chloride crystals. Each pad (3 em x 3 em) was applied to an area of skin (2 em x 2 em) 
defined by an adhesive template, a nd was removed daily. weighed , and replaced. to 
determine progressive uptake of sweat. Sweat uptake by plain cotton pads reached a plateau 
value within 2 to 3 days and did not significantly increase thereafter; in contrast, uptake by 
the salt-impregnated pads continued at a steady rate for t he full 8 days of t he study (mean 
rate 0.79 mg/cm~/hr. SD == 0.16, N = 6). This effect may be related to an osmotic gradient 
across the skin. but the physiologic mechanisms are not completely clear. This appears to be 
a convenient tool for the collection of sweat over long periods at a steady rate. 
For the purpose of studying the pharmacok i-
netics of drugs dissolved in sweat, we have devised 
a technique for collecting sweat at a steady rate 
over an 8-day period. The collecting system is 
simple. inexpensive. and unobtrusive, and it may 
be worn comfortably for long periods. 
Recent. studies have shown that several com-
monly used drugs enter the sweat. where their 
concentrations may readily be measured. Johnson 
and Maibach I 1 J showed that the ratios between 
sweat and plasma levels of such drugs as antipy-
rine. aminopyrine. and some sulfonamides remain 
constant over a wide range of concentrations. It is 
apparent that this phenomenon provides the basis 
for a clinically useful test to determine whether or 
not a patient is taking a pruticular drug. If sweat 
could be rollected over a long period of time and 
then assayed for drug content , this could provide a 
qualitative and possibly quantitative index of 
compliance with a therapeutic regime. This paper 
describes a technique for collecting samples of 
sweat suitable for these studies. Throughout this 
report, the word "sweat" is used to describe all 
fluid collected from the surface of the skin. not all 
of which is necessarily the product solely of sweat 
glands. 
If sweat is to be assayed for drugs or any other 
dissolved substance. the first problem is to collect 
an adequate specimen. One approach is to stimu-
late the skin to secrete an unusually large amount 
of sweat. This stimulus may be thermal (e.g. , 
sauna baths. immersion in hot water) [2]. or phar-
macologic (e.g.. the intradermal application 
of sympathomimetic or parasympathorimetic 
drugs) [3). 
Another possible stimulus to increased sweating 
is the application of a hyperosmolar solution to the 
skin. It has long been known that wetting the skin 
results in a significant a lteration in local sweat 
production [4.5]. Brebner and Kerslake [6] showed 
that when tonicity of the skin-wetting solution 
was varied, sweat production rate declined with 
tap water but rose with a 15o/c sodium chloride 
solution. 
We investigated the effect of wetting the skin 
with a saturated sodium chloride solution for long 
periods. The method chosen was to apply, under 
waterproof dressings, dry absorbent pads impreg-
nated with sodium chloride crystals, on the as-
sumption that any sweat secreted would dissolve 
salt from this reservoir and bathe the skin surface 
with a saturated salt solution. The pads were re-
moved daily for weighing and immediately re-
placed. and after 8 days the sweat was extracted 
by centrifugation. 
MATERIALS AND METHODS 
Preparation of Collecting Pads 
Commercially availa ble disposable diapers <Pam-
pers, Proctor & Gamble, Cincinnati. Ohio) were used. 
These consist of a layer of absorbent cotton sandwiched 
between a sheet of waterproof polyurethane on one side 
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Preparation of Templates 
To delineate a precise area of skin as the collection 
area, adhesive templates were used. measuring 4 em x 4 
em. with a cen tral square hole 2 em X 2 em (Fig. l). 
They were prepared by sticking plastic waterproof ad-
h esive tape (Hy-Tape, Surgical Hosiery Corp .. N. Y.l to 
a sheet of thin plastic, and cutting to size. At time of 
application the plastic backing was stripped off, and the 
template afflxed to the skin. 
Sweat Collection Method 
Three subjects each wore 4 pads for an 8-day period. 
The collecting areas were the medial and lateral as-
pects of both ankles. 10 em above the malleoli . and the 
skin was shaved beforehand. One salted and one un-
salted pad was applied to each ankle. The participants. 
1 male and 2 female laboratory workers in good health, 
continued their normal activities of daily life. including 
bathing. 
Each pad was weighed dry , applied to the skin over a 
template. and sealed in place with a squa re of water-
proof adhesive tape. A square of thin plastic sheet 
(Pa rafilm). 4 em x 4 em. separated the adhesive tape 
from the collecting pad. 
Each day the overlying adhesive was removed, the 
pad immedjately enclosed in a preweighed Petri dish. 
weighed. returned to the area of skin marked by the 
template. and secured by a new square of adhesive. For 
each pad the times of first application and each subse-
quent weighing were noted. The average time the pad 
was off the skin for weighing was less than l min. 
At the end of the collection period the absor bent pad 
was placed immediately after removal into a centrifuge 
cone and sealed (Fig. 2). This was spun at 10.000 rpm 
for 15 min in a refrigerated centrifuge f4°Cl. The bottle 
was removed from the centrifuge tube. immediately 
capped. and the sample frozen until needed for analy-
sis. 
RESULTS 
The cumulative output of sweat at each site was 
derived from the differences between the dry 
weight of the pad (at time zero) and its wet weight 
each day. These outputs are shown in Figure 3. 
In all subjects. uptake in the unsalted pads 
r eached a plateau value within 3 to 4 days. How-
ever, uptake in the salted pads continued steadily 
over the full 8 days of t he study. yielding similar 
amounts of sweat each day despite wide variation 
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FIG. l. Sweat-collecting patch. An exploded view of 
the components of the patch worn on the lower calf to 
collect sweat for one week. 
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PIG . 2. Centrifuge lube for extraction of sweat from 
pad. A cross-sectional diagram of the centrifuge cone in 
which sweat is extracted from the cotton pad into a 
sample bottle. 
The sweat uptake rate varied from site to site 
and from person to person. but was consistent at 
each part icular site. With the use of sodium chlo-
ride pads the sweat rate varied between 0.60 and 
1 .03 mg/cm2/hr. The mean output was 0. 79 rng/ 
crn2/hr (SD = 0.16, N = 6l. These results are 
summarized in Figure 4. where cumulatiw sweat 
outputs for all subjects a re pooled. 
Measurement of Diffusion Lnss A cross Adhesive 
Tape 
To measure the amount of water which is lost by 
diffusion across the adhesive tape, a wetted so-
dium chloride pad was sealed bPtween two layers 
of Parafilrn and two layers of tape. and the packet 
weighed each day for lO days. The mean weight 
loss was 7.0 mg/day. Since each pad on the skin 
was covered by only one layer of Parafilrn and 
tape, it would appear that the loss by diffusion 
across the tape was 3.5 mg per day. which is 
negligible compared to the total amount collected. 
DISCUSSION 
Using salt-impregnated pads. we were able to 
collect sweat at a steady rate over an 8-day period. 
The collection rate was not significantly affected 
by variations in ambient temperature or physical 
exertion. When centrifuged at the end of the col-
lection , these pads yielded up to 800 mg of sweat. 
The patches were generally well tolerated, and 
have the advantage of collecting adequate 
amounts of sweat for analytical purposes without 
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the use of expensive apparatus, drugs, or thermal 
stimuli. We have used this method many times for 
week-long sweat collections (without daily re-
movals) and have found it a simple and dependa-
ble technique. 
Using sweat specimens collected in this way. we 
have been able to measure levels of ethanol, di-
goxin, and lithium in patients using these drugs. 
Studies are currently in progress to determine the 
pharmacokinetic relationships between dosage in-
gested and the amount appearing in the collected 
sweat. 
Many areas on the body wen• tested as collect-
ing sit.es. The lower calf, approximately 10 em 
above the lower margin of the malleolus, was 
found to be suitable for three reasons: (1) There is 
little or no muscle movement or skin stretching to 
cause wrinkles or loosening ofthe tape. (2J This is 
a relatively insensitive area of skin. so that itch-
ing and discomfort were rarely experienced. (3) 
The patches are unobtrusive as long as trousers 
are worn. A site which can be used on women who 
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F1c. 3. Cumulative sweat output with lime. The 
amount of sweat accumulated each day is plotted 
against time. showing that sweaL is collected by salted 
pads at a steady rate while sweat production under 
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FJC. 4. Pooled data from 6 studies. This indicates a 
steady collection rate under salt-impregnated pads and 
a decline of sweating under plain pads. Mean output 
under salt-impregnated pads = 0. 79 mg/cm2/hr: SD = 
0.16. 
do not want to wear trousers is the outer thigh. 
about 12 em above the knee. This is subject to more 
wrinkling than the ankle. but is a useful alterna-
tive site. 
With regard to the source of the fluid collectRd 
from the skin. we were not able to determine in 
this study whether it arose from sweating. diffu-
sion. or any other process. Therefore. the word 
"sweat" has been used here as a generic term for 
all fluid collected from the surface of the skin and 
not specifically as the secretion of sweat glands. 
Potential sources of loss from the sweat-collect-
ing patch were considered. These included diffu-
sion across the tape. leakage from an inadequate 
seal of tape to skin. and back diffusion across the 
skin: 
(1 l Since the daily collection was approximately 
150 mg. the loss of 3.5 mg/day by diffusion across 
the tape was not considered to be an important 
loss. 
\2) Leakage of the adhesive seal was apparent if 
it occurred because loosened adhesive tape does 
not re-adhere. In addition. the faulty patch was 
either excessively heavy due to accumulated bath 
wate1· or suspiciously light in weight due to evapo-
ration of the sweat. 
(3) The measurement of back diffusion across 
the skin was not within the scope of this study. 
Scheuplein 171 has shown that diffusion across 
norma1 skin occurs at the rate of 0.2 to 0.4 mg/cm2/ 
hr at 30"C. It is possible that reduction in the rate 
of back diffusion of sweat across the skin due to the 
presence of an osmotically active solution may be 
in part responsible for the differences seen be-
tween the saJted and unsalted pads. 
We cannot yet completely explain the physio-
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logic mechanisms by which this collection method 
works. Preliminary studies with collecting pads 
impregnated with magnesium sulfate, sucrose. 
a nd urea have yielded similar results. indicating 
that this prolonged steady outflow of sweat is prob-
ably an effect of osmotic gradient rather than any 
particular properties of sodium chloride. 
It is also not possible to state the anatomical site 
on which these hyperosmolar solutions act. These 
sites may include intact skin. hair follicles, or 
sweat gla nds. Regardless of the physiologic mech-
anisms involved, it appear s that this is a useful 
technique for collecting sweat over a period as long 
as 8 days. By providing an easily collected and 
linearly incremented sample of a body fluid , this 
method has potential uses in the study of the 
kinetics of drugs and other substances that are 
dissolved in the sweat. 
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